Background: Tumor necrosis factor (TNF) inhibitors (TNF-i) are effective in the treatment of entero-Behcet's disease (BD). However, there is no objective tool for assessment of disease activity in entero-BD; therefore, it is not easy to evaluate treatment effectiveness in the clinical setting. In addition, because corticosteroid (CS) is considered for standard therapy, the effectiveness of TNF-i without CS has not been well examined. In this retrospective study, the effectiveness of CS without TNF-i and the effectiveness of TNF-i with or without CS therapy were investigated and compared.
Background
Behcet's disease (BD) is a relapsing, systemic inflammatory disease that affects the skin, mucosa, eyes, genitourinary organs, joints, blood vessels, central nervous system, and gastrointestinal system [1] . Entero-Behcet's disease (entero-BD) is often associated with bleeding and perforation, which is refractory to therapy. Many patients with entero-BD are resistant to conventional treatment with corticosteroid (CS) and immunosuppressive drugs, and some require surgery. We and other groups have recently shown that TNF inhibitors (TNF-i) are effective in the treatment of entero-BD [2] [3] [4] [5] [6] [7] [8] . However, there is no objective tool for assessment of disease activity in entero-BD; therefore, it is not easy to evaluate disease activity and treatment efficacy in the clinical setting. In addition, because CS is considered for standard therapy in patients with severe symptoms and with deep ulcerative lesions [9, 10] , the effectiveness of TNF-i without CS has not been well examined [11] . In the present study, we quantitatively investigated the effectiveness of 1-year treatment with TNF-i in 49 patients with entero-BD refractory to conventional therapy and compared the results to those achieved with CS without TNF-i, using the disease activity index for intestinal Behcet's disease (DAIBD) developed in 2011 [12, 13] . We also investigated effectiveness of TNF-i without CS and compared to that of TNF-i with CS.
Patients and methods

Patients
The present study included 71 patients diagnosed with entero-BD according to the revised diagnostic criteria proposed by the Behcet's Disease Research Committee of Japan (2003) and the criteria for diagnosis of BD recommended by the International Study Group [14, 15] . All 71 patients had active ulcerative lesions. Patients with diseases similar to BD, such as intestinal tuberculosis, Crohn's disease, ulcerative colitis, infectious colitis, or simple ulcers, were excluded. Patients who were newly introduced the remission induction therapy mainly with CS but without TNF-i for active ulcerative lesions at our hospital were defined as CS without TNF-i group, regardless of past and recent treatment and dose of concomitant CS. Likewise, patients newly introduced the remission induction therapy with TNF-i for active ulcerative lesions at our hospital were defined as the TNF-i group, regardless of past and recent treatment and use and dose of concomitant CS. Choices regarding type of TNF-i and use and dose of CS were made at the physicians' discretion. Remission induction therapy was defined as the treatment for newly emerging active ulcerative lesions. This study formed part of a research project investigating BD supported by the Health Labour Science Research Grant for research on rare and intractable diseases. The Human Ethics Review Committee of our university reviewed and approved this study. All participants provided informed consent prior to inclusion in the study. Details that might disclose the identity of study subjects were omitted.
Clinical measurement
In the present study, we investigated the effectiveness of 1-year treatment with TNF-i and compared the results to those achieved with CS without TNF-i. We also investigated effectiveness of TNF-i without CS and compared to that of TNF-i with CS.
Remission induction therapy mainly with CS but without TNF-i (22 patients) and remission induction therapy with TNF-i (49 patients; 20 TNF-i with CS, 29 TNF-i without CS) were newly introduced at our hospital. Study patients were followed up for 1 year after the introduction of the treatments at our hospital and affiliated institutions, as shown in Fig. 1 . The primary endpoint was the ulcer cure rate, as evaluated by lower gastrointestinal endoscopy 1 year after the introduction of remission induction therapy with either TNF-i or CS without TNF-i. "Cure" was defined as disappearance and scarring of ulcerative lesions. "Improvement" was defined as cure, scarring, and reduction of ulcerative lesions. In the case of patients who were unable to undergo lower gastrointestinal endoscopy owing to abdominal pain or for other reasons, the status was classified as "Exacerbation." In the TNF-i without CS group, in patients for whom concomitant CS was newly introduced, the status was classified as "Exacerbation." Likewise, in the CS without TNF-i group, in patients for whom concomitant CS was increased, the status was classified as "Exacerbation." The secondary endpoints were the ulcer improvement rate, ulcer exacerbation rate, and continuation rate of TNF-i. Regarding the continuation rate of the TNF-i without CS group, in patients for whom CS was newly introduced, the status was classified as "Discontinuation." We also analyzed disease activity improvement based on the DAIBD and the CS-sparing effect after 1 year of treatment.
The DAIBD (Disease Activity Index for intestinal Behcet's disease) is a quantitative disease activity index proposed by Cheon et al. in 2011 [14, 15] . Prior to the development of the DAIBD, there had been no useful and objective tool to assess the disease activity of entero-BD. The DAIBD (total score, 0-285) consists of eight items: (i) general well-being for 1 week, (ii) fever, (iii) extraintestinal manifestations, (iv) abdominal pain in 1 week, (v) abdominal mass, (vi) abdominal tenderness, (vii) intestinal complications, and (viii) number of liquid stools in 1 week.
Statistical analysis
Data are expressed as mean ± standard deviation (SD). Differences between the groups and between baseline data and data measured at 1 year were compared using Fisher's exact test, the Mann-Whitney U test, and the Wilcoxon signed-rank test. The patients were classified into groups with cure of intestinal ulcerative lesions or not, or with achieving CS less than 7.5 mg/day group or not. In addition, univariate and multivariate logistic regression analyses were performed on these groups. In the multivariate analysis, the proportion of cure of intestinal ulcerative lesions or achieving CS less than 7.5 mg/day at year 1 were used as a dependent variable. All reported P values were two-sided. The level of significance was set at P < 0.05.
All analyses were conducted using JMP version 10.0 (SAS Institute Inc., Cary, NC, USA). For statistical analysis, data from TNF-i discontinued cases were complemented using the last observation carried forward method. Table 1 shows the patient background at baseline. All patients in the present study were diagnosed with entero-BD based on the existence of the typical ulcerative lesions on gastrointestinal endoscopy. In the group with CS without TNF-i (22 patients), the mean patient age was 34.1 years. The median dose of concomitant CS was 30 mg/day (prednisolone equivalent). The mean DAIBD was 85.2. In the group with TNF-i and CS group (20 patients), the mean patient age was 42.2 years. The median dose of concomitant corticosteroid was 10 mg/day (prednisolone equivalent). The mean DAIBD was 70.7. In contrast, in the group with TNF-i without CS (29 patients), the mean patient age was 40.7 years. Twenty-one patients had no history of TNF-i treatment (Bio naive). The mean DAIBD was 60.5. Although the concomitant CS dose and the DAIBD were statistically significantly higher in the group with CS without TNF-i than in the group with TNF-i, there were almost no statistically significant differences in baseline background factors between the TNF-i with CS group and the TNF-i without CS group.
Results
Patient background
Treatment effectiveness as evaluated by lower gastrointestinal endoscopy
The ulcer cure rate at 1 year was 13.6% (3 of 22 patients) in the group with CS without TNF-i. In the same group, the ulcer improvement rate was 27.3% (6 of 22 patients). In contrast, the ulcer cure rates at 1 year were 60.0% (12 of 20 patients) in the group with TNF-i and CS, and 44.8% (13 of 29 patients) in the group with TNF-i without CS. The ulcer improvement rates were 60.0% (12 of 20 patients) in the group with TNF-i and CS and 51.7% (15 of 29 patients) in the group with TNF-i without CS. Although the ulcer cure and improvement rates were significantly lower in the group with CS without TNF-i than in the group with TNF-i, there were no significant differences in these outcomes between the TNF-i with CS group and the TNF-i without CS group (Fig. 2a, b ). The in the group with TNF-i without CS (P = 0.3984) (Fig. 2c) . During the observation period, three patients were newly started on CS in the group with TNF-i without CS, and the status in these patients was classified as "Exacerbation" and "Discontinuation." The data of these patients were complemented using the last observation carried forward method. In the present study, the cure of the intestinal ulcerative lesions was observed in 28 patients. When baseline characteristics were compared between patients with and without cure of the intestinal ulcerative lesions, as shown in Table 2 , TNF-i was significantly more frequently used in patients with cure of the intestinal ulcerative lesions. In addition, univariate and multivariate logistic regression analyses were performed to identify the predictive factors for the cure of ulceration. The univariate logistic analysis identified colchicine, MTX, and TNF-i use and history of perforation with a P value of < 0.1. Subsequently, a multivariate logistic analysis was performed with these factors as dependent variables and identified the TNF-i use as an independent predictive factor (P = 0.0416, odds ratio 6.17, 95% confidence interval 1.01-37.8) ( Table 3) .
Effectiveness of TNF inhibitors on improvement of disease activity index for entero-Behcet's disease
In the group with CS without TNF-i, the mean (± SD) DAIBD was 85.2 ± 29.6 at baseline and 40.5 ± 44.7 at 1 year, showing a significant decrease. In the group with TNF-i, the mean (± SD) DAIBD was also significantly decreased, from 64.7 ± 34.9 at baseline to 21.1 ± 28.9 at 1 year. In the group with TNF-i and CS, the mean (± SD) DAIBD was 70.7 ± 38.4 at introduction and 20.8 ± 29.3 at 1 year, demonstrating a significant decrease. Likewise, the mean (± SD) DAIBD was 60.5 ± 32.2 at introduction and 21.4 ± 25.5 at 1 year, showing a significant decrease in the group with TNF-i without CS (Fig. 3a) . Comparison of the changes in DAIBD between the CS without TNF-i and TNF-i groups, and between the TNF-i with CS and TNF-i without CS groups, revealed no statistically significant differences (CS without TNF-i group 44.8 ± 47.1 vs. TNF-i 43.6 ± 37.2, TNF-i with CS group 50 ± 38.3 vs. TNF-i without CS group 39.1 ± 36.4) (Fig. 3b) .
Effectiveness of TNF inhibitor on reduction of concomitant CS dose
In the group with CS without TNF-i, the mean (± SD) dose of concomitant CS was 32.3 ± 16.4 mg/day at baseline and 20.6 ± 18.3 mg/day at 1 year, demonstrating a significant decrease. Likewise, the mean (± SD) dose of concomitant CS in the group with TNF-i and CS was 18.7 ± 20.9 mg/day at baseline and 3.88 ± 3.87 mg/day at 1 year, showing a significant decrease (Fig. 4a) . (Fig. 4b) . In contrast, the proportions of patients receiving concomitant CS dose less than 7.5 mg were significantly higher in the TNF-i with CS group than in the CS without TNF-i group (Fig. 4c) . In the present study, achieving CS less than 7.5 mg/day at year 1 was observed in 21 patients. When baseline characteristics were compared between patients with achieving CS less than 7.5 mg/day or not, as shown in Table 4 , MTX and TNF-i were significantly more frequently used and age was higher in patients with achieving CS less than 7.5 mg/day. In addition, univariate and multivariate logistic regression analyses were performed to identify the predictive factors achieving CS less than 7.5 mg/day ( Table 5) . As the results, although TNF-i is close to being significant, no evident predictive factor was found. Furthermore, there were not any statistical differences in the baseline factors and clinical effectiveness between patients with and without MTX in the TNF-i group (Tables 6 and 7) .
Retention rate and adverse events of TNF inhibitor
The retention rates up to month 12 were 90.0% (18 of 20 patients) in the group with TNF-i and CS and 75.9% (22 of 29 patients) in the group with TNF-i without CS, demonstrating no significant differences (P = 0.1920). The status of 3 patients who newly started CS in the group with TNF-i without CS was classified as "Discontinuation." The reasons for discontinuation are summarized in Fig. 1 . During the observation period, mild infection (cold) occurred in 10 patients, cystitis in two, viral enteritis in two, influenza in one, tonsillitis in one, bronchitis in one, sinusitis in one, paronychia in one, and urticaria in one. One patient in the group with 
Discussion
In the present study, we introduced TNF-i in 49 patients with refractory entero-BD and followed these patients for 1 year to assess the effectiveness of TNF-i. We also compared the effectiveness of TNF-i to that of CS without TNF-i. When the CS without TNF-i group and the TNF-i group were compared for effectiveness, the ulcer cure and improvement rates, as evaluated by lower gastrointestinal endoscopy, were also significantly lower in the CS without TNF-i group than in the TNF-i group (Fig. 2a, b) . On the other hand, the DAIBD significantly decreased in both groups, with no statistically significant difference. As shown in Fig. 4c , the CS dose, which is considered a risk factor for gastrointestinal bleeding and perforation [16] [17] [18] , was reduced to 7.5 mg or less in the majority of patients in the TNF-i group; however, in many patients in the CS without TNF-i group, dose reduction of concomitant CS was difficult despite a significant decrease in the DAIBD. In other words, patients in the CS without TNF-i group exhibited CS dependency. At baseline, the CS without TNF-i group showed significantly higher DAIBD and CS dose than the TNF-i group. Regarding the differences at the baseline, we considered that past or recent treatment affected. Some patients had been treated with CS for other symptoms (e.g., skin, mucosa, eyes, genitourinary organs, joints) except entero-BD; some of the patients were under treatment with CS or under dose reduction of CS for entero-BD. For these patients, although we newly introduced TNF-i, choices regarding use and dose of CS were made at the physicians' discretion. We considered that as one of the reasons of the difference at the baseline concomitant CS. On the other hand, although no evident predictive factor achieving CS less than 7.5 mg/day was found in our study (Tables 4 and 5 ), the multivariate analysis revealed that the TNF-i was an independent predictive factor for cure of the intestinal ulcerative lesions (Tables 2 and 3) . Comparison of the groups clearly indicated that the use of TNF-i is important not only for reducing disease activity but also for achieving cure of ulcerative lesions.
The TNF-i group was further classified into two groups according to the presence or absence of concomitant CS use (TNF-i with CS group and TNF-i without CS group) to compare the effectiveness of TNF-i. The TNF-i formulations and the necessity of concomitant CS use were, in principle, determined at the discretion of the treating physicians. However, no significant differences in background factors were observed between the two groups at the time of TNF-i introduction (Table 1) . Under these study conditions, no statistically significant differences between the TNF-i with CS group and the TNF-i without CS group were observed in any of the following endpoints: ulcer cure rate, ulcer improvement rate, ulcer exacerbation rate, retention rate of TNF-i, disease activity based on DAIBD, and decrease in DAIBD. Although none of the endpoints showed statistically significant differences, the respective rates or scores were also lower in the TNF-i without CS group than in the TNF-i with CS group. Furthermore, as shown in Fig. 1 , the TNF-i with CS group included one non-responder to TNF-i, whereas the TNF-i without CS group included three. Although no patient in the TNF-i with CS group experienced relapse after introduction of TNF-i, four patients in the TNF-i without CS group did. No statistically significant differences were observed in the relapse rates or the proportions of nonresponders (TNF-i with CS group 5.0%, TNF-i without CS group 13.8%, P = 0.3114, by Fisher's exact test). Based on these results, although the activity of entero-BD was sufficiently controlled and maintained at low levels with TNF-i therapy without CS in some patients, there may be other patients for whom concomitant CS use is necessary. In addition, the present study failed to identify any Model χ 2 test P < 0.0001. BD Behcet's disease, CS corticosteroid, col colchicine, MS mesalazine, SSZ sulfasalazine, MTX methotrexate, AZ azathioprine, TNF-i TNF inhibitors, DAIBD disease activity index for intestinal Behcet's disease background factors that could predict which patients would be non-responders or experience relapse in the TNF-i without CS group. Furthermore, we did not find any additive effect of MTX on TNF-i (Tables 6 and 7 ). In the future, additional studies with a larger sample size may be needed to reveal the features of patients who do or do not require a combination of TNF-i and CS. As shown in Fig. 3 , concomitant CS doses were significantly reduced in the TNF-i with CS group. Moreover, as described above, the doses were reduced to 7.5 mg or lower in most patients in the TNF-i with CS group, unlike in the CS without TNF-i CS group. During the observation period, neither serious gastrointestinal bleeding nor perforation occurred in any patients in the TNF-i group. In contrast, one patient in the TNF-i with CS group developed bacterial infection resulting in discontinuation of treatment (this patient had entero-BD associated with myelodysplastic syndrome involving trisomy 8). In contrast, no patients in the TNF-i without CS group developed infection requiring discontinuation of TNF-i. Thus, although combination therapy with CS and TNF-i necessitates caution to prevent infection, the current study suggested that TNF-i therapy without CS might be beneficial in reducing the risk of infection.
Limitations of the present study include a small sample size (49 patients) and a short retrospective observation period (1 year). In the future, studies with a larger sample size and a longer observation period are warranted to assess the long-term efficacy of TNF-i in controlling disease activity and to identify predictive factors to detect patients who do not require concomitant usage of CS.
Conclusions
In the present study, we administered TNF-i to 49 patients with refractory entero-BD and demonstrated its high efficacy based on both endoscopy results and a quantitative disease activity index. In particular, comparison between the TNF-i group and the CS without TNF-i group revealed that TNF-i is highly effective in curing ulcers and reducing concomitant CS doses and identified as an independent predictive factor for cure of the intestinal ulcerative lesions. Furthermore, TNF-i demonstrated sufficient efficacy in both the TNF-i with CS group and the TNF-i without CS group to control disease activity without concomitant CS in some patients. In contrast, TNF-i therapy with CS was associated with concerns regarding infection, and TNF-i therapy without CS with concerns regarding non-responders and relapse. 
